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Treating dispersions of acrylonltrile polymers 

Background of the invention 

Acrylonitrile is the basis for a family of important commercial polymers. For example, copolymers 
of butadiene with less than 50% acrylonitrile provide oil resistant polymers. Copolymers of alkyl 
acrylates with acrylonitrile provide a range of polymer products. For example when ethyl acrylate is the 

5 major component, oil resistant elastomers are obtained; and when acrylonitrile is the predominant 
comonomer, useful molded plastic materials are obtained. Copolymers of a major proportion of styrene 
and minor proportions of acrylonitrile are also useful in modifying vinyl chloride polymers, as moldable 
plastics and as components of ABS resin blends. Normally these acrylonitrile containing polymers are 
prepared by polymerization in water. Even when such polymerizations are substantially complete, there 

w still remains undesirable amounts of unpolymerized acrylonitrile dissolved both in the polymer and the 
water. Normal procedures of stripping by vacuum or steam does not normally remove all of this 
undesirable acrylonitrile. 
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Summary of the invention 

Residual acrylonitrile dissolved in acrylonitrile homo- or copolymers and/or water in which 
acrylonitrile polymers are polymerized or processed such as a latex thereof or from acrylonitrile 
processes can be substantially reduced by adding to polymer-water mixtures, for example, after at least 
90% of the monomers have been polymerized, additional catalyst and an amount of comonomer in 
excess of the amount of free acrylonitrile present. 



Detailed description 

The aqueous suspensions or dispersions of acrylonitrile polymers used in practicing the present 
invention are obtained by polymerizing acrylonitrile alone, or more normally with other vinylidene 

25 comonomers to form copolymers, for example with 50 weight percent or more of butadiene, up to 50 
weight percent acrylonitrile with 50 — 95 weight percent styrene, and 5 — 50 weight percent 
acrylonitrile with 1 — 99 weight percent each of an alkyl acrylate such as methyl acrylate, ethyl 
acrylate, butyl acrylate, methyl methacrylate with styrene and acrylonitrile on a butadiene polymer in 
the well-known ABS resins, and other copolymers. 

30 Typically, the polymerizable comonomers used in addition to butadiene, styrene and an alkyl 
acrylate or alkacrylate wherein the alkyl group contains 1 to 8 carbon atoms, will be vinylidene 
monomers having at least one terminal CH 2 =< group. Polymerizable comonomers useful in the present 
invention include: other vinyl aromatics as a-methyl styrene and chlorostyrene; a-olefins such as 
ethylene, propylene, and isobutylene; vinyl halides such as vinyl chloride, vinyl bromide, vinyl fluonde, 

35 vinylidene chloride, and vinylidene fluoride; vinyl esters such as vinyl acetate, other a,/3-olefinically 
unsaturated nitriles such as methacryionitrile; alkyl vinyl ethers such as methyl vinyl ether, isopropyl 
vinyl ether; n-butyl vinyl ether, isopropyl vinyl ether, and haloalkyl vinyl ethers as 2-chloroethyl vinyl 
ether; n-octyl methacrylate, dodecyl methacrylate, methyl ethacrylate, ethyl ethacrylate, haloalkyl 
acrylates as chloropropyl acrylate, amino-acrylates and methacrylates; vinyl ketones; vinyl pyridine, 

40 a 0-olefinicalIy unsaturated amides such as acrylamide, N-methyl acrylamide, N-t-butyi acrylamide, N- 
cyclohexyl acrylamide, diacetone acrylamide; methacrylamide, and N-ethyl methacrylamide, or,/3- 
olefinically unsaturated N-alkylol amides having the structural formula 

0 H 

45 II I 

CH 2 =C— C— N(CH 2 ) x 0H 

R R, 

so wherein R is a hydrogen or an alkyl group containing from 1 to 4 carbon atoms and x is a number from 
1 to 4, R, is hydrogen or an alkyl group such as N-methylol acrylamide, N-ethylol acrylamide, N- 
propylol acrylamide, N-methylol methacrylamide, and N-ethylol methacrylamide; polyfunction 
compounds such as methylene-bis-acrylamide, ethylene glycol dimethylacrylate, diethylene glycol 
diacrylate, allyl pentaerythritol and divlnyl benzene; a,/J-olefinically unsaturated carboxylic acid 

55 monomers containing from 3 to 1 0 carbon atoms such as acrylic acid, methacrylic acid, crotonic acid, 
fl-acryloxy propionic acid, hydrosorbic acid, sorbic acid a-chlorosorbic acid, cinnamic acid, 
styrylacrylic acid, itaconic acid, citraconic acid, maleic acid, fumaric acid, mesaconic acid, glutaconic 

acid and aconitic acid. „ . . 

The preferred acid monomers are the <z,/J-monoolefinically unsaturated monocarboxylic acids 
60 such as acrylic acid and methacrylic acid, as are known to those skilled in the art. Mixtures of one or 
more of the above-mentioned monomers may be employed if desired. 

Generally, butadiene or alkyl acrylate polymers will contain 50 to 70% by weight butadiene, or 
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alkyl acrylate wherein the alkyl group contains 1 to 8 carbon atoms. 20 to 45% of ac^lonitrile and up 
to ah™ t 20% bv weiaht of other oolymerizable vinylidene comonomers mterpolymenzed. 
t0 The pofymlrTatices may be prepared using anV of the conventional ^lymerization tedjmques 
known to STose skilled in the art. usually in an aqueous emulsion The emu ^ n e : n ma Y^aEoS?hrmn 

* outset of the polymerization or may be added incrementally or by proportioning throughout the run 
Any of the gene II types of anionic; cationic or nonionlc emulsifiers may be employed however best 
fesulte are generally obtained when anionic emulsifiers are used. Typical an.on.c emulsifiers which .may 
be use^ncluSe those types known to those skilled in the art to, --^^ 
nnae 102 in J Van Alphen's "Rubber Chem cals", Elsevier, 1956, for example, the alkah metal or 
Ammonium salts of the sXtes of alcohols containing from 8 to 18 carbon atoms such as. for example, 

W soTum taT "S^l2SK?i-.nd ammonium sa.ts of suKonated petroleum erpM«>ten 
salts of aromatic sulfonic acids such as dodecane-1 -sulfonic acid and octadiene- J^ulfon.c actd. alkyl 
aTvl sulfonates such as sodium isopropyl benzene sulfonate and sod.um dodecyl benz^ sulfonate 
a^ali metal and ammonium salts of sulfonated dicarboxylic acid esters such as sodmm d.octyl 

,5 sulfosuSate and disodlum N-octadecyl sulfosuccinamate; alkali metal or ammon.um salts of the free 

3C %tcTeM^^^ 
ac^and^^^^ 

20 or afkenyl having 8 to 20 carbon atoms, Ar is aryl or phenyl or naphthyl and M ,s the metal I ion Un 
20 addi5on V o the 9 above-mentioned emulsifiers it may be desirable ™* >J° 
P o.yme ri zationemu, = a^ds^ 

SfSS sVme as.lrSrem SSSTfi SSfE employed in conduit^ the polymerization but 
25 preferably are anionic or non-ionic surface active agents. rataivsts 
To initiate the polymerization free radical catalysts are employed. The use of such catalysts, 

azodHsobutyrate. Especially useful es polymerization initiators are the water-soluble Pfroxygen 
comooCnds such as hydrogen peroxide and the sodium, potassium and ammon.um persu fates, 
compounds sucn as ny g ^p rsu|fate cata | ysts may be employed by themselves or ,n 

activated redox systems T^piCal redox systems Include the persulfates in combination with: a reducing 
substance such as a polyhydroxy phenol and an oxidizable sulfur compound such as sod.um sulfite or 
^Hhim hUnlfite a reducina suaar a diazomercapto compound, a ferricyanide compound and d.methyl- 
a^no^ropion tr ile Heaw metlf ons such as silver, cupric. iron, cobalt, nickel and others may also be 
u»d to activate persulfatrcatalyzed polymerizations. The well known redox systems using organic 
^oxide and Toman Xdroperoxides may also be used advantageously. In general the amount of free 
?ad?cal initial em£ oyed wNI range between 0.1 to 5% based on the weight of the total monomers 
The in Wator gene Sy completely charged at the start of the polymerization h?wever. .ncremental 

E^Tym« 
«SLm h e%mS= 

60 a T^e°ctta!yst W ^ one that will complete the reaction in a matter only a .few 
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ketones such as the sugars with ferrous salts and cumene hydroperoxide. Gluconates have also been 
found to be useft.1 Other effective active catalyst systems include V°™^b>sumej£te™. 
oeroxamlne; sapamine and diazothioether catalyst systems, as are well known in the art. including those 
se forth he einabove. Of course any catalyst system may be used, for example even sodium persulfate 
s and Kmgen peroxide, but normally on a production basis it is desirable that equipment be hed up , as 
short a period as possible for this step, so that the more active catalysts are employed to obtain faster 
reaction rates and equipment turn around. Other known catalysts such as potassium persulfate may be 

USCd ^SRSSS^ in accordance with the invention. by adding the excess 

w comonomer and catalyst in the reactor after 90% conversion has been reached ^ in 1 "ow^ownJtoW or 
storage tanks after removal from the polymerization reactor; or in any « u ^ b| e fontomer prefwabty 
equipped with agitation and heating means. In the selection of comonomer, it will be understood that 
?n pofmer dispersions of high conversion a different monomer may be introduced for react™ , with the 
acrylonitrile in those situations where small amounts of another copolymer are not ^ndes.rable For 

,5 example, in the preparation of a copolymer of styrene and acrylomtnle where at the e ,nd of the 
Dolvmerization there are present several thousand or more parts of unreacted acrylonitrile a redox 
SaSt and butadiene-1,3 or ethyl acrylate may be added to the polymerization and the acrylomtnle 
removed by reason with the butadiene or acrylate and the small amount of copolymer _ thus formed 
would normally be mixed in with the copolymer of styrene and acrylomtnle in , such amounts as to be 

20 not undesirable. Butadiene is a particulariy useful monomer and would be used to reduce the 
J^SS le£l of polymer dispersions since it reacts readily with acrylomtnle, partici .lady when 
oSent in an excess and because of its low boiling point of about -4°C, it ,s easily and effic.ently 
removed from the polymer dispersion without expensive or extensive processing. 

As stated, any catalyst system effective in the copolymerizat.on of acrylomtnle ^with other 

25 monomer?a t reasonable temperatures, in the range of 5 to 95»C. more preferably 20 to 50°C may be 
used When butadiene is used as the reactive comonomer for decreasing the level of acrylonitrile the 
amoum present should be in excess; for example, the butadiene level should be greater than the 
coining ratio or combining weight of butadiene with acrylonitrile. which is 63 to 37. The amount of 
catalyst employed based on the peroxy compound, preferably is an amount at least about 0.10 part 

30 oeroxv compound based on the total monomer and polymer present. „„_ . - . 

Per °^hTective redox type catalyst systems, a temperature range of 25 to 50°C .s satisfactory to 
provide reaction rates of 3 to 5 hours with a resulting amount of residual acrylomtr, e obteme Id 'less 
than 100 nnm (mq/kq). In other words, reaction temperatures of room temperature to 60 C which are 
normal MymedzS temperatures for the aqueous polymerization of acrylonitrile polymers are 

35 satisfactory. 



A copolymer of butadiene and acrylonitrile was prepared in water to form a latex in accordance 
with the recioe set forth in the Table below. With the exception of the control, additional butadiene and 
w allst we r a dded to the polymerization mixture after the monomers had reached a conversion to 
PolySr of approximately 95%. All parts were parts by weight. The resuta £ 

treatment were set forth in the Table. Run A was the control, with no addition of butadiene or catalyst. 
RunTdemonstrates the ineffectiveness of catalyst alone without, the 

temperature of the control from the polymerization temperature of 35°C to 72 C for two hours ;M not 
result in any decrease in residual acrylonitrile. The temperature was also raised in Run B with no 
resultant decrease in acrylonitrile content after several hours at the elevated temperature. In Runs C 
and D a second b^jtadiene^a nd catalyst addition was made after the initial addition and I as shown In Run 
F where no second addition was made, such second add.t.on is normally not "fcessary 

On a production scale butadiene/acrylonitrile copolymer latex is prepared, which after conversion 
so was essentially complete, contained about 8000 to 1 5000 ppm of free «crylon,tr^. There was added 
to the latex 5 parts of water containing 0.001 phr of sodium hexahydroxyheptonat ^ 0.001 I phr of 
sodTum ferric ethylenediamine tetraacetic acid salt, 0.001 phr of trisodium et ^^^!^ e C 
acid salt 0 1 phr of sodium formaldehyde sulfoxylate, and 0.1 phr of sodium sulfite, 5 phr of butadiene- 
and 02 ph of cumene hydroperoxide (0.3 of 70% cumene hydroperoxide) at a temperature of 
55 about 35°C. After aboul 4 hoGrs, the residual or free acrylonitrile had been reduced to an average of 

abOU When P sTmilar tests are conducted with latices containing for example, 20% total solids of a 
nolvmer of ac^ onitrile containing unreacted acrylonitrile; an ABS latex containmg free acrylomtnle. 
and an efhyl ^^Sate-ac^lonitrile copolymer latex, treated respectively with additional styrene or 
eo butadiene^ 7,3 ffitene-T,3 or ethyl achate where appropriate, with a redox catalyst, the amount of 
free acrylonitrile is substantially reduced to less than 100 ppm. 
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Claims 

1. A method for reducing the residual acrylonitrile dissolved in acrylonitrile homo- or copolymer 
and/or water comprising adding to said acrylonitrile polymer and/or water a comonomer 

5 copolymerizable with acrylonitrile and a catalyst for inducing copolymerization of said comonomer with 
said residual acrylonitrile. 

2. The method of Claim 1 wherein said acrylonitrile polymer and/or water is a latex of an 
acrylonitrile polymer, said acrylonitrile polymer having been converted from monomers to polymer to 
greater than 90% conversion. 

w 3. The method of Claim 2 wherein the amount of said comonomer added is in excess of the 
amount of residual acrylonitrile present in said latex. 

4. The method of Claim 3 wherein said acrylonitrile polymer is a copolymer of butadiene and 
acrylonitrile, said comonomer is butadiene and Is added in an amount to provide a weight ratio of 
added butadiene to residual acrylonitrile which is greater than 63 to 37, said catalyst is a redox 

is catalyst, and said conversion is greater than 93%. 

5. The method of Claim 4 wherein said redox catalyst consists of an organic peroxide and a 
reducing heavy metal compound 

6. The method of Claim 4 wherein the temperature of addition of butadiene and redox catalyst is 
between 25 to 60°C and the amount of residual free acrylonitrile resulting is less than 100 ppm. 

20 7. The method of Claim 4 wherein the amount of butadiene and acrylonitrile initially 
copolymerised is from 60 to 80 weight percent butadiene- 1,3 and 20 to 40 weight percent 
acrylonitrile. 

Patentanspruche 

db 1. Verfahren zur Verringerung des in einem Acrylnitril-Homo- oder -Copolymerisat und/oder 

Wasser gelosten restlichen Acrylnitrils, dadurch gekennzeichnet, daB zu dem Acrylnitril-Homo- oder - 
Copolymerisat und/oder Wasser ein Comonomer, das mit Acrylnitril copolymerisierbar ist, und ein 
Katalysator zur Induzierung der Copolymerisation des Comonomeren mit dem restlichen Acrylnitril 

30 zugesetzt wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB das Acrylnitril-Polymerisat und/oder 
Wasser ein Latex eines Acrylnitril-Polymerisats ist, wobei das Acrylnitril-Polymerisat mit einem 
Umwandlungsgrad von mehr als 90% aus Monomeren in das Polymer uberfiihrt wurde. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB das Comonomer in einer 
3S OberschuB-Menge uber die Menge des in dem Latex vorhandenen restlichen Acrylnitrils zugesetzt wird. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB das Acrylnitril-Polymerisat ein 
Copolymerisat aus Butadien und Acrylnitril ist und das Comonomer Butadien ist und in einer Menge 
zugesetzt wird, so daB ein Gewichtsverhaltnis des zugesetzten Butadiens zu dem restlichen Acrylnitril 
erhalten wird, das groBer ist als 63 zu 37, wobei der Katalysator ein Redox-Katalysator ist und der 

40 Umwandlungsgrad groBer als 93% ist. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB der Redox-Katalysator aus einem 
organischen Peroxid und einer reduzierenden Schwermetall-Verbindung besteht. 

6. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die Temperatur, bei der das 
Butadien und der Redox-Katalysator zugesetzt werden, zwischen 25°C und 60°C liegt und die 

45 resultierende Menge des restlichen freien Acrylnitrils weniger als 100 ppm betragt 

7. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die Mengen des anfanglich 
copolymerisierten Butadien und Acrylnitrils 60 bis 80 Gew.% Butadien-1,3- und 20 bis 40 Gew.-% 
Acrylnitril betragen. 

so Revendications 

1 . Proced6 pour reduire la quantite d'acrylonitrile r6siduel dissous dans un homopolymere ou un 
copolymere d'acrylonitrile et/ou dans I'eau, consistant d ajouter audit polymSre d'acrylonitrile et/ou d 
I'eau un comonom^re copolymSrisable avec I'acrylonitrile et un catalyseur d6clenchant la copoly- 

55 mSrisation dudit comonomdre avec ledit acrylonitrile r6siduel. 

2. Proc£d6 suivant la revendication 1, dans lequel le polymere d'acrylonitrile et/ou I'eau 
represented un latex d'un polymere d'acrylonitrile ledit polymere d'acrylonitrile ayant ete converti en 
polym&re a partir de monomdres d un degre de transformation de plus de 90%. 

3. Proc6d6 suivant la revendication 2, dans lequel la quantity ajoutde de comonomdre est en 
60 exces par rapport d la quantity d'acrylonitrile residuel pr6sente dans ledit latex. 

4. Proc§d§ suivant la revendication 3, dans lequel ledit polymere d'acrylonitrile est un copolymfere 
de butadiene et d'acrylonitrile, ledit comonom&re est le butadiSne et il est ajoutS en une quantity 
correspondant a un rapport en poids du butadi&ne ajout6 d I'acrylonitrile rdsiduel sup6rieur d 63:37, 
ledit catalyseur est un catalyseur d'oxydor6duction et ledit degre de transformation est superieur d 

65 93%. 
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5. Proced§ suivant la revendication 4, dans lequel le catalyseur d'oxydor^duction consiste en un 
peroxyde organique et en un compost r§ducteur de m§tal lourd. 

6. Proc6de suivant la revendication 4, dans lequel la temperature d'addition du butadiene et du 
catalyseur d'oxydorSduction se situe entre 25 et 60°C et la quantity d'acrylonitnle libre residuel 
r6sultante est inf6rieure a 100 ppm. a „ . u 

7 Proc6d6 suivant la revendication 4, dans lequel la quantity de butadiene et d acrylonitnle 
initialement copolymerisSs est de 60 a 80% en polds de butadidne-1,3 et de 20 a 40% en poids 
d'acrylonitrile. 
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